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Abstract 
Host–guest inclusion complexation of acetanilide (AA) into the E-cyclodextrin (β-CD) nano-hydrophobic cavity has been 
investigated using computational technique. Two different orientation of guest (AA) into host (E-CD) are considered for the 
inclusion of AA in to the nanocavity through the 2o rim of β-CD. The energy differences in the inclusion process are calculated 
using PM3 semi-empirical method. By the investigation of stabilization energies, it is found that the “orientation 1” in which the 
benzene ring of AA oriented towards 2o rim of β-CD nanocavity is the stable complex. The conclusions obtained from the 
computational analysis are in good correlation with the docking analysis. 
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Peer-review under responsibility of the International Conference on Nanomaterials and Technologies (CNT 2014). 
Keywords: acetanilide; β-CD nano cavity; inclusion complex; Gaussian; electrostatic potential;  PM3; patchdock server. 
1.Introduction 
 
Acetanilide (AA) is an aromatic primary amide of ethanoic acid [Fig. 1(a)]. AA is the first aniline derivative 
serendipitously found to possess analgesic as well as antipyretic properties and is introduced into medical practice 
under the name of antifebrin by (Cahn and  Hepp,1886). AA synthetic organic compound introduced in therapy as a 
fever reducing drug.  
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It’s effectiveness in relieving pain is discovered soon thereafter, and it is used as an alternative to aspirin for many 
years in treating common complaints such as headache, menstrual cramps and rheumatism. Excessive or prolonged 
use of AA causes toxic side effect, it interferes with the function of haemoglobin, the oxygen-carrying pigment of 
the blood. The acute effects of AA exposure have been examined in mice rats, guinea pigs, rabbits, cats and dogs 
(Bertolini et al,2006). After several conflicting results over the ensuing fifty years, it was established in 1948 that 
AA was mostly metabolized to paracetamol in the human body, and it possess analgesic and antipyretic properties 
(Lester et al(1947),Brodie and Axelrod(1948),Frederick and Bernard(1948)) a precursor in the synthesis of 
penicillin and other pharmaceuticals (Acetanilide,SIDS Initial Assessment Report,2003). 
  
Cyclodextrins (CDs) are cyclic oligosaccharides obtained from enzymatic hydrolysis of starch. The β-CD is the 
most abundant natural oligomers and corresponds to the association of seven glucose units with cavity, which 
exhibits a hydrophobic character whereas the exterior is strongly hydrophilic. Their ability to form host-guest 
complexes has led to the use of CDs in a number of fields (Loethen et al(2007),Hedges(1998)).  CDs have been used 
in the pharmaceutical industry, as solubilizers, diluents and as tablet ingredients which improve the chemical 
stability, solubility, bioavailability and pharmacokinetic properties of drugs.  
 
In this paper, we report the computational investigation on the complexation of Acetanilide (AA) with β-
Cyclodextrin (β-CD) [Fig. 1(b)] using Gaussian software package.                            
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Fig.  1. (a) Acetanilide; (b) β-CD. 
 
2. Materials and Methods 
 
2.1 Computational procedure 
 
In order to investigate the orientation preference of guest; acetanilide(AA) into host (E-CD), we carried out in-
depth conformational search of AA within the E-CD cavity and the energy differences in the inclusion process are 
calculated by GAUSSIAN 03 software package using PM3 method. Full geometry optimization without any 
symmetry constraints is done on the 3D structures of host and guest molecules. After the optimization of molecules, 
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guest molecule is inserted into the host molecule and the complex is formed. The glycosidic oxygen atoms of E-CD 
are set in the xy plane and their centre is defined as the core of coordination system. Two different forms of 
orientations are considered for the inclusion of AA in to the cavity through the 2o (wide) rim of β-CD. 
  
Orientation 1: orientation of benzene ring of AA towards the 2o rim of β-CD Fig. 2(a). 
Orientation 2: orientation of –CH3 group of AA towards the 2o rim of β-CD Fig. 2(b). 
 
For both the orientations complete simulation is carried out and the single point energy is computed by PM3 
method. The AA is initially sited at a z-coordinate of 7Å and activated via the β-CD cavity along the z-axis to -7Å 
with a bit-by-bit increment of 1Å. Likewise, totally 14 complex models of AA:E-CD is obtained. The most stable 
complex models of “Orientation 1” and “Orientation 2” are identified using the energy vs. distance plot and they are 
optimized further for energy minimization.  
 
(a)                                                                  ( b) 
 
 
 
 
 
 
 
 
 
                    
 
 
 
 
 
 
   (c)                                                                     (d) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (a) Orientation 1; (b) Orientation 2; (c) Complex c1; (d) Complex c2. 
 
 
2.2 Molecular docking studies 
The most probable structure of the AA:β-CD inclusion complex was obtained also by molecular docking studies 
using the PatchDock server (Dina Schneidman-Duhovny et al,2005). The guest molecule (AA) was docked in to the 
host molecule (β-CD) cavity using PatchDock server by submitting the 3D coordinate data of AA and β-CD 
molecules. PatchDock server performs a geometry-based molecular docking and identifies the docking 
transformations with good molecular shape complementarity patches and ranks it based on the geometric fit and 
atomic desolvation energy. 
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3. Results and Discussion 
 
3.1 Conformational search and complexation energy analysis using PM3 method 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Energy vs. distance plot of (a) orientation 1; (b) orientation 2. 
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The single point energy vs. distance plot of Orientation 1and Orientation 2 computed using PM3 method is 
shown in Fig. 3a and 3b respectively. As shown in Fig. 2, for Orientation 1 (benzene ring of AA towards the 2o rim 
of β-CD) and Orientation 2 –CH3 group of AA towards the 2o rim of β-CD), the complexation energy variation has 
generated noticeably two different plots. In the plot, the energy variation from 0Å to -7Å and 0Å to +7Å represents 
the variation of complexation energy for the movement of guest molecule towards the 1o rim (narrow rim) and 
towards the 2o rim (wide rim) of the host molecule respectively. For “Orientation 1” the complexation energy varies 
in the range of -6223.37 to -5831.05 kJ mol-1. The energy decreases from the initial point of -7 Å to the minimum 
energy at point -1Å (Fig. 3a). Then, the energy increases to the point 0Å and falls drastically to the minimum energy 
at point +4Å and then raises to +6Å . Hence, the Orientation 1 reaches the minimum energy of -6223.37 kJ mol-1 at 
+4Å. In the case of Orientation 2, the complexation energy varies in the range of -6127.05 to -5792.37 kJ mol-1. The 
energy decreases gradually from the initial point of -7Å to -2Å (Fig. 3b) and then the energy increases suddenly 
from -1Å. Hence, the Orientation 2 reaches the minimum energy of -6127.05 kJ mol-1 at -2Å. The most stable 
complex models of “Orientation 1” and “Orientation 2” are identified using the energy vs. distance plot and further 
optimized by PM3 method for energy minimization. The energy minimized complex of “Orientation 1” is named 
“complex c1” and complex of “Orientation 2” is named “complex c2”. 
 
The optimized complex models of Orientation 1” and “Orientation 2” are shown in Fig. 2c and 2d respectively. 
The energy change involved in the formation of the 1:1 AA:E-CD complex can be calculated using the equation, 
 
 
 
 
 
Where, ( )optAAE , ( CD)optE E and ( : CD )optAA complexE E are the optimized energy values of  
AA, E-CD and AA:E-CD complex respectively. The optimized energy (Eopt) values of host, guest and two possible 
forms of complexes (c1 and c2), and the calculated energy change ('E) values are listed in Table 1. The negative 
complexation energies are an indicative factor that both the orientations can form stable complex. From the E and 
'E values of complexes, it is evident that the complex in which the orientation of benzene ring of AA towards the 2o 
rim of β-CD (i.e., complex c1) is the energetically favourable model since the 'E for complex c1 (-83.72 kJ mol-1) is 
highly negative value than complex c2 (-47.44 kJ mol-1) with the energy difference of 36.28 kJ mol-1 between two 
complex. Hence, the conformational search and complexation energy analysis carried out using PM3 method reveals 
that the complex c1 is the favourable model. 
 
3.2  Frontier orbitals of complexes 
 
Complexes with greater energy difference (ELUMO -EHOMO) values are highly stable; hence, the complex c1 is 
highly favorable model since the ELUMO-EHOMO for complex c1 [ELUMO-EHOMO = 0.339eV] is high (Table 1 and Fig. 
4) than complex c2 [ELUMO-EHOMO = 0.336 eV].  
 
                       Table 1. Energy values of guest,host and complexes c1 and c2 
Parameter Acetanilide β-CD Complex ‘c 1’ Complex ‘c 2’ 
Eopt(kJ mol-1) -86.80 -6055.85 -6226.37 -6190.09 
ΔE(kJ mol-1) - - -83.72 -47.44 
EHOMO(eV) -0.327 -0.380 -0.338 -0.349 
ELUMO(eV) 0.007 0.042 0.0005 -0.013 
ELUMO-EHOMO(eV) 0.334 0.422 0.339 0.336 
 
 
( : CD ) ( ) ( CD) ][opt opt optAA complex AAE E E EE E '  
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Complex ‘c1’     Complex ‘c2’ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. HOMO-LUMO orbitals of Acetanilide: β-CD complex c1 and c2. 
 
 
 
3.3 Electrostatic potential maps 
 
Molecular electrostatic potential (MEP) maps analysis of complexes indicates that more electron delocalization is 
observed in between the regions of host and guest in complex c1 (Fig. 5c) than in complex c2 (Fig. 5d). This 
suggests that the more electron delocalization between host and guest stabilizes the complex c1 than c2. 
 ΔE = 0.339eV(PM3) ΔE = 0.336eV (PM3) 
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Fig. 5. Electrostatic potential maps at the van der Waals surface of Acetanilide:β-CD complex c1 and c2. MEP with extreme positive value is 
symbolized in blue, the extreme negative is in red and neutral is between green and yellow. 
 
 
 
 
3.4 Molecular docking study of inclusion process 
The PatchDock server program gives several possible docked models for the probable structure based on the 
energetic parameters; geometric shape complementarity score (Duhovny et al,2002) approximate interface area size 
and atomic contact energy(Zhang et al,1997) of the AA:β-CD inclusion complex. The docked AA:β-CD model (Fig. 
6c) with the highest geometric shape complementarity score 2446, approximate interface area size of the complex 
251.50 Å2 and atomic contact energy 181.69 kcal/mol is the highly probable and energetically favourable model. 
The result infers that the “orientation 1” is preferable in energy than the “orientation 2” as shown in scheme 1. 
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Fig.6. Ball and stick representation of (a) β-CD; (b) AA; (c) 1:1; AA:β-CD inclusion complex, the oxygen atoms are shown as red balls, nitrogen 
atom of –NH group is shown as blue ball, carbon as golden yellow balls and hydrogen atoms are not shown. 
 
 
 
 
 
 
 
 
 
Scheme 1. AA:E-CD inclusion complex. 
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Conclusion 
 
In this work, inclusion complexation of acetanilide (AA) into the E-cyclodextrin (β-CD) nano-hydrophobic cavity 
has been investigated by applying PM3 semi empirical approach using Gaussian software package. Out of the two 
considered orientations, the orientation in which the benzene ring of acetanilide is oriented towards 2o rim of β-CD 
nanocavity is identified as stable complex based on the computed stabilization energies. The conclusions obtained 
from the semi empirical analysis is in good correlation with the docking analysis also. 
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